Suction Blisters and Dermal-Epidermal Adherence**From the Department of Dermatology, Cornell University Medical College, New York, N. Y.  by Lowe, Luther B. & van der Leun, Jan C.
THE JOURNAL OF INVE5TIOATSVE DERHATOLOOT
Copyright 1055 by The Williams & Wilkins Co.
Vol. 50, No. 4
Printed in U.S.A.
SUCTION BLISTERS AND DERMAL-EPIDERMAL ADHERENCE*
LUTHER B. LOWE, Ja., M.D. AND JAN C. VAN PER LEUN, Pn.D.t
In 1950, Blank and Miller reported the pro-
duction of subepidermal blisters in vitro by
suction applied to sections of human abdom-
inal skin obtained at autopsy (1). Vesieles
formed within one to two hours when the
dermal side of the section was placed in water
and a pressure of 610 mm Hg less than at-
mospheric pressure was applied to the epi-
dermal side. Only 15 to 20 minutes were re-
quired at 750 mm Hg.
Six years later, Bielicky applied suction to
produce subepidermal blisters in human skin
in vivo (2). In an effort to quantitate the
Nikolsky phenomenon, he applied a glass bell
with an orificial diameter of 2.5 em to the
skin and produced suction within it by means
of an attached hand-operated pump. He stud-
ied fourteen patients with Various bullous
dermatoses and nine control patients using a
suction pressure of 500 mm Hg for a maximum
of thirty minutes. None of the control patients
developed clinical vesieulation under these
conditions, while some patients with epider-
molysis bullosa dystrophie recessive, pemphi-
gus vulgaris, pemphigus erythematodes and
dermatitis herpetiformis did. Bielieky pro-
posed that this technique might allow quan-
titative evaluation of dermal-epidermal ad-
hesion in various bullous diseases and
measurement of the effect of various thera-
peutic agents, but noted that the critical fac-
tor is probably not whether or not a blister is
produced, but rather after what suction pres-
sures and time periods blister formation be-
gins.
The first report of the production of suc-
tion blisters in vivo in normal human skin
appeared in 1961 (3). Slowey and Leider pro-
duced subepidermal blisters in 50% of their
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normal subjects within 15 to 60 minutes
with a suction pressure of almost an atmos-
phere. A simple technique for the production
of suction blisters in vivo has been recently
described by Kiistala and Mustakallio (4)
who studied the blisters so produced by
means of histochemistry and electron micros-
copy.
The purpose of the present study is to de-
termine the time-pressure relationship in the
production of suction blisters, to propose a
way in which dermal-epidermal adhesion can
be expressed quantitatively in normal and
pathological skin, and to examine several
physical models of the mechanism of normal
dermal-epidermal adhesion.
MATERIALS AND METHODS
The device used to produce blistering is shown
in Fig. 1. The diameter of the suction orifice can
be changed by the insertion of various plates as
shown. The glass window in the top of the cham-
ber allows constant observation of the skin under
suction. The tube leads to an electric vacuum
pump with a gauge registering from 0 to 760 mm
Hg. No appreciable leakage of air occurs and the
pressure is constant as demonstrated by the steady
indication of the gauge needle at all pressures
employed.
To keep the number of variables to a minimum,
the seven subjects for the experiment were all
healthy young males, and lower lateral abdominal
skin was used for all determinations. Preliminary
observations had shown variations from one area
of the body to another; for example, approxi-
mately twice as long was required to produce a
blister on the flexor surface of the forearm as on
the surface of the lower lateral abdomen with the
same pressure. Preliminary observations also con-
firmed BieliekSr's observation that there is no sig-
nificant difference in the time required to produce
a blister in comparable areas on the right and
left sides of the body with the same pressure. The
diameter of the suction orifice did not appreciably
influence blistering time, within the range of 0.5
cm to 2 cm tested, so an orifice with a diameter of
1 cm was selected arbitrarily for the experiment.
Six suction pressures were selected ranging from
100 mm Hg to 710 mm Hg. Blistering time was re-
corded as the interval during which suction had to
be applied until the moment clinical vesiculation
became apparent as a one or two mm bead of sub-
epidermal fluid. No more than two determinations
were done on the same subject on the same day,
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Fio. 1. Suction chamber and plates for variation of orificial diameter. Tube leads to an
electric vacuum pump. Blisters much larger than those of the experimental end point for
clarity in illustration.
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TABLE I
Blistering time in minutes
Suction Pccssuce
one on each side, with at least a week between
sittings.
Two of the very tiny vesicles were biopsied.
One was frozen immediately after removal and
cryostat sections were stained by standard histo-
chemical methods for succinic dehydrogenase,
IDPN diaphorase, TPN diaphorase, cytochrome
oxidase, and acid phosphatase (Gomori, 45 minute
incubation). The other specimen was fixed in
formalin and paraffin sections were stained with
hematoxylin and eosin, Luxol-fast-blue and pe-
riodic acid-Schiff (PAS), PAS with and without
diastase, acid-orcein-Giemsa, Wilder's reticulin
stain, Rinehart's colloidal iron and the peracetic
acid-aldehyde-fuchsin stain for oxytalan or pre-
elastic fibers (6) counterstained with Alcian blue.
RESULTS
The results were assembled in Table I and
plotted as points on a log-log graph in Fig. 2.
Once a blister had formed, its enlargement to
fill the orifice of the suction plate was rela-
tively rapid. For example, the forearm skin of
subject 1 required 63 minutes for clinical
Sub-
ject
1
2
3
4
5
6
7
100 mm
Hg
86
not done
none at
165
122
149
none at
135
152
200 mm 200mm 410 mm 610 mm 710 mm
Hg hg Hg Hg Hg
34 22 17 17 15
60 45 40 23 13
73 48 41 18 20
58 30 28 13 12
70 42 32 25 22
51 30 36 25 19
39 25 18 15 15
blistering at 200 mm Hg, but with mainte-
nance of that pressure, the initial 1 mm blister
expanded to 1 em in diameter in 30 minutes.
It was impossible to shift the blister border or
expand its diameter by manual pressure on the
Ca
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Fro. 2. Relationship of suction pressure to blistering time. Different types of points
represent different subjects. Two points with arrows represent failure to produce blistering(see Table I). Straight line is regression line.
blister top, as can be done in bullous diseases
in which the Nikolsky phenomenon is pres-
ent.
The histochemical results are in agreement
with those of Kiistala and Mustakallio (5).
The distribution and activities of the en-
zymes studied were normal and there were no
histochemically detectable abnormalities. Sep-
aration is clearly subepidermal with a well
defined PM-positive basement membrane lin-
ing the blister floor (Fig. 3). Oxytalan fibers
extend up to the blister floor and become con-
tinuous with a fine line of Alcianophilie
material outlining it (Fig. 4).
DIscussIoN
Fig. 2 shows that within the range of suc-
tion pressures applied, higher suction pres-
sures lead to shorter blistering times. In the
log-log plot shown, there is no systematic de-
viation from the straight regression line.
This implies that if there is a critical pres-
sure so low that blistering will never occur it
is smaller than the lowest pressure used in this
experiment, 100
may be used to
produce clinical
tion pressure.
From the observations, the slope /3 of the
line may be estimated with 95% confidence
limits as
—1.18 ,3  —0.84 (1)
This interval includes /3 =
—1, a value which
will be given by certain physical models to
be discussed, and which describes a straight
line under a slope of —45°. Within the lim-
its of error the observations may therefore be
represented by the equation
(2)
Where p is the suction pressure, t,, the blister-
ing time, and A a constant. Each of the ex-
perimental blisters gives a value for a. The
mean of these observational values for hu-
man male lower lateral abdominal skin is,
with suction pressure expressed in dyne cm°
and blistering time in seconds,
100 200
— Suction pressure (mm Hg)
mm Hg. The regression line
estimate the time required to
vcsiculation at a given sue-
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FIG. 3. Edge of suction blister. Note well defined basement membrane on blister floor.
PAS.
A = 9 x 108 dyne em2 see
The mean values for A show an individual
variation of 30%. Witbin the range of suc-
tion pressures tested the A value does not vary
significantly with the pressure. The observa-
tions reported in tbe literature, even tbose on
skin obtained at autopsy, all give A values
in the order of 10° dyne em2 see, indicating
that, generally, experimental conditions ap-
pear to have only limited influence on the
value of A.
Tbe constant A is expressed in the units of
a viscosity and may be visualized as the re-
sistance of the skin against the formation of a
suction blister. The A values may be used to
compare dermal-epidermal adhesion in various
areas of the body and in various pathological
conditions before and after treatment.
The relationship depicted in Fig. 2 allows
some consideration of the mechanism of der-
mal-epidermal adhesion. The fact that sue-
(3) tion blisters result from cleavage through the
dermal-epidermal junction shows that the
weakest link in skin stressed by suction is at
that junction. Hypothetical models can be
made of the adherence of the two skin layers
at their junction and tested as to whether or
not they lead to the same sort of time-pressure
relationship as did the experimental data, and
are compatible with the other experimental ob-
servations.
Model 1. Elastic Attachment
In this model, the epidermis is attached to
the dermis by tiny bonds, which might be
visualized as fibers running from the dermis
into the epidermis, and which must be broken
for vesiculation to occur. These bonds are
assumed to be elastic, in the physical rather
than the histological sense, exhibiting only
reversible extension under tensile stress, and
to break if a critical stress is exceeded. If such
bonds are evenly spaced and all of the same
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Fio. 4. Suction blister. Note orderly arrangement of oxytalan fibers extending to blister
floor and thin superficial line of Alcianophilic material. Peracetic aeid-aldehyde-fuchsln-
Alcian blue.
breaking strength, dermal-epidermal separa-
tion will occur only when the suction pres-
sure exceeds a definite critical value. Below
that critical value, no blistering will occur
however long the exposure time. With a suc-
tion pressure exceeding that critical value,
blistering will occur immediately, or as soon
as a sufficient volume of blister fluid is avail-
able. Even if uneven spacing and unequal
breaking strengths of the bonds arc allowed,
the model still does not lead to a relationship
between suction pressure and blistering time.
Within the range of pressures applied there is
no indication of a critical value of suction
pressure. This model does not explain the
time-pressure relationship without the inclusion
of other factors such as restricted inflow of
fluid.
Model 2. Viscous Flow
In this model, the limiting factor in blister
formation is the accumulation of fluid be-
tween epidermis and dermis under the influ-
ence of suction pressure as proposed by
Kiistala and Mustakallio (5). The fluid is as-
sumed to reach the potential blister cavity by
flow through tiny openings. For most liquids,
flow through a capillary tube follows the
equation
V zrr4p
t — Sql (4)
Where V is the volume passing during time
t, p the pressure difference between the ends of
the capillary, r the capillary radius, 1 the cap-
illary length and the viscosity of the liquid.
If there are N capillary openings per unit area
of skin, the volume of flow per unit area of
skin becomes
V Nirr4p
t — Sl (5)
It is assumed that the blister becomes visible
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if a volume Vb has accumulated; this occurs
after the application of the suction pressure p
during the time t,,:
Rearrangement gives
Vb Nirr4p
tb
—
Sn1
8fllVbpts =
Since all of the factors in the right hand
member of the equation are independent of
p, the equation can be written
Ptb = A,
thus giving the same type of relationship be-
tween p and tb as the experimental data
(equation 2). The model gives no numerical
value for the constant A because nothing is
known about the hypothetical capillary open-
ings. This model fails to explain two other
experimental observations, that of the accelera-
tion of fluid flow after the appearance of the
first tiny blister, and that of the inability to
move a suction blister by pressure on its roof
with the finger. The surrounding skin does of-
fer resistance against dermal-epidermal sep-
aration even though fluid is freely available.
A combination of Model 2 to explain time-
pressure relationship and Model 1 to explain
the other observations is feasible. Such a
combination model requiring a new element
for every new observation cannot easily be
disproved, but lacks conclusive strength.
Model 3. Viscous Slip
This more satisfactory model both leads to
the same sort of time-pressure relationship as
did the experimental data, and is compatible
with the other experimental observations. The
epidermis is again assumed to be attached to
the dermis by tiny bonds, which, instead of
being elastic as in Model 1, have the property
of extending at a steady rate under a constant
stress. This phenomenon depends on another
form of viscous resistance, called viscous slip,
which is known to occur in the skin (7). The
bonds will break if the slip has caused suffi-
cient elongation. If the cross section of the
bonds constitutes a fraction f of the surface
area of the skin, a suction pressure p will give
a stress p/f in the bonds. After application of
(6)
suction pressure for the time t, linear slip will
cause an elongation of the bonds equal to
= (i + u5t) (8)
where & is the original length of the bonds, 1
the length of the bonds at time t, and u a
constant dependent on the material of the
(7) bonds, the viscous extensibility. The bonds
break after elongation to length lb which oc-
curs at time tb . Then
= l (i + u51b)
Rearrangement gives
pIt, =
— i)
(9)
(10)
Since the factors in the right hand member of
this equation are independent of the suction
pressure p, the equation may be written in the
form of equation 2:
ptt, = A
This model leads to the same type of relation-
ship between p and tb as the experimental data,just as Model 2 does, but is also consistent
with the other experimental observations,
which Model 2 failed to explain. In this model
of viscous slip, an acceleration of the inflow of
blister fluid after breaking of the bonds is just
what would he expected. In addition, in this
model there is no reason to expect that a blis-
ter, once formed, might be easily moved around
by pressing it.
Equation 10 is more accessible to quantita-
tive interpretation than was equation 7. There
are a few quantitative data on the viscous slip
of whole skin (7). Whole skin from rats and
chicks was observed to break after it had
slipped by about 25% of its original length.
For the rat skin the viscous extensibility, u,
was found to he 8 x 10 dyne' cm2 sect. If
these values are assumed to hold for the bonds
in the present model, equation 10 can be writ-
ten
A = / >< 3 X 1010 dyne cm2 sec (11)
From the experimental data it was found
(equation 3) that
A = 9 x 100 dyne cnf2 sec
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Comparison with equation 11 shows that the
value derived from the model is in agreement
with the observational value if / = 0.03; this
means that if the hypothetical bonds would
have the same viscous extensibility as whole
rat skin, they should have a cross section
amounting to three percent of the cutaneous
surface area.
Another possible interpretation of this
model is an adherence of the epidermis to the
dermis without special bonds, but residing in
a viscous film covering the entire dermal-
epidermal interface. By this interpretation,
/ = 1, and the viscous extensibility of thejunctional area should he 30 times greater
than that of whole rat skin. Since the model
is concerned with the weakest mechanical
link in human skin, quantitation does not
rule out either this interpretation or the pre-
vious one.
These theoretical considerations cannot yet
be translated into anatomical terms, though it
is tempting to speculate in terms of the
"anchoring filaments" described by Kobayasi
as being torn in the blisters of bullous
pemphigoid (8) and clearly visible in Kiistala
and Mustakallio's electron micrographs of suc-
tion blisters (5). It can only be stated that the
observational data are most readily explained
by theoretical models in which viscosity is
the dominant factor.
Summary
Observations on a series of 39 suction blis-
ters elicited on the lower lateral abdominal
skin of seven healthy male volunteers, with
suction pressures ranging from 100 mm Hg to
710 mm Hg below atmospheric pressure, could
be described by the relationship pt8 = A,
where p is the suction pressure, t8 the blis-
tering time, and A a constant. This makes A
the relevant datum to charaeterise observa-
tions on suction blister formation. This con-
stant has the dimension of a viscosity and
may be visualized as the resistance of the skin
against suction blister formation, and as a
quantitative measurement of dermal-epider-
mal adhesion. It may be used for quantitative
comparison of this adhesion in different
areas of the body, in different individuals,
and in various pathologic conditions with or
without therapy.
Under the conditions of this experiment,
the A value was found to be 9 X 10 dyne
cm' sec with an individual variation of 30%.
Observations apart from the relationship of
suction pressure to blistering time make it
unlikely that blister formation is limited by
the accumulation of blister fluid. The data are
most readily explained by a hypothetical
model of dermal-epidermal adhesion in which
viscosity is the dominant factor. The data
permit no anatomic statement as to whether
the viscous resistance is in the form of viscous
slip in fibrous bonds or in the viscosity of
an amorphous structure such as a basement
membrane.
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